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^ (57) Abstract: A floor shape deducing device for a legged mobile robot, especially a two-legged walking robot The floor shape, 
O more specifically, the leg-to-leg floor slant difference Is deduced on the basis of at least the control difference of the total floor reaction 
O force moment, die bolh-leg compensation angle is corrected on the basis of the deduction value, the floor shape, more specifically, 
?H the feet floor slant difference is deduced on the basis of at least the control difference of the feet floor reaction force moment around 
O the desired feet floor reaction force central poini, and the feel compensation angle is corrected on the basis of the deduction value. 
Q In such a way, the shape of the floor with which the legs of a legged mobile robot is in contact can be deduced with high accuracy. If 
^ the floor shape is different from the assumed one, the influence is absorbed and thereby a desired floor reaction force is generated. 
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= Mdmdy 
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Mdmdx tMdmdy JfcoT*>> 5*7 tsC 8 tfW.m#}lzm3LT 

z>tc#>iz\t, 5^9, ssi o. k^o^i i ^iwtni&j&'rntf&^o 

Wint = 1 • • • 9 

Wlx + W2x =1 • • • 5$ 1 0 

Wly + W2y =1 • • • s£ 1 1 
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IsXm 1 ^W-^tcM^X^m^SLT^ 6 d b vi:J:ot$l JS¥©#fi 

Mdmd 2<£-im{CtT^2J£TO^ft0 2 bTH 2 

&frh&o #iJxJ^ 1^2 2tacD < fc-5t'i^il1^:^©^^a^y h^^br^ 
6tWet*. ^ 2{C e k-oT0 2M 3 F©^i:^T{fT^^^(i^fbbnj:^o 
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Mdmd dbve*§tfi§„ 

:0#i©Mdmddbv*Sl2 SBK^fo dWi, WWl»t5 
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s S£l &¥YfflMftO 1 y> S2JB¥Xffl$ft0 2x, 81 2 JE^F YMIft 0 2 y 
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SLTM1 a c t f i 1 t x£f#So Hi JBTHtflt*- * V h XfiE^M d m d 1 
x*ttfr:7-r l l 4mi:SU ^*i£> Mlactf i 1 t xfr£j$t5. p 

m*-*yhMd i f f i x*#*o w«i»flrftft3gtra», m®yjj\,?i i 

4mli; Mdmd 1 x^^^^K^^TcOfe^|ig^r©^^mc51 : #'te^gfe#-r 
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0fflx=- alx*Mdmdlx • • • 5£ 1 6 
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mm^MAmam 1 unit B^js^^fc^or^^^^ti^^ 
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±M&m&t ut|! i oii^a- • ^ + - hom.m^m^i=. «©$n< % s 

i2 8EI{*-€rCDfieSI^-riJ-7VU"^> • 70- • ft- hT'ife§o 

, S10 2 (C^T*#12JBfi*§£i$:£fr 2 0EI(C^-rJ:9(C^U Wit 
T*©Cft£cD<f*£;£a6So 1 0 4 ICit^ ^ 3 &<£t>'5$ 4 C J: oT^M 

> FMdmdeiffl^-y> dm d d b v t£-J£*FWt 
^-^bMdmdnx (y) K^iaU S 1 0 6 Kii^&^©£o < MMlt 
£0 db v£5£a6. S 1 0 8 KM&~e&8i :s ffflffift 0 n x (y) £**6£ 0 
tf^TsfS 1 0H7n--f>-KDS3 6 Kig«$- S a 

Tmm^BM^ft^mm u s 3 8 trii^siusTOa^&Mft e d b v 

^^*»^A 1 mm i^je¥f£B3^£#3o 

wgij^m^ (fit) otu S4 2izm^mmmmtit%$tmzntzMffi$itiL 

S 1 4(CMoTJiiBCDM^t)5gt-o 
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oizbtz* C<Dk%, m I & : ¥®W.Jsfo®mRZ 1 £$&2£WE2rt6J&i(jSZ 

Zl =-H^PQl ©;g&*0dbv 
Z2 = £§i#PQ2 ©S£ * 0 dbv 
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mtmtet), mtcizmwfiVtmMm i sot. m^mm^i 3 o^-m^-r^a 
<Dmmmfem**ft#n&ffi®ft{z-}im~fz>iim% 132 (132a, 132 

b) *i^SJ;:i:lfc, 
£3 1 MiZTFirJ: o \z^ gM&®iz&\,^XMm$fttcf£ C^-S^te^M) £ r 

mfcVtz&&ay77jTyzMWlzte\,^Xfcmi*titzBWWSn & ¥-m& ~h •*» 
WQnlt mnJS^©JS)S (Bcfco&ftftffi) Ki££&ft/c.&T'<fc o/c 0 ^oX 
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, B»!dnfi¥*SW3^/aiQii^ B.W-2 2R (L) t*IC»ftf* e ZiXK 

¥^i**^^q n t^n^jSD n it 3cwmmm%kfre>M.xm-mmiz 

®JL tc t j- 5 S M£ n * >C\& Q n Kffi Mi -T & IdfcftW 6 & 

ay^^^ry^mU^M^^C; h A-VcDrfrpSj) izm^xm^'b^nvx^ 

• • -5Sl 9 

/ m 2 mm&tm i mm&e>m®7wmm) ) 

• • • 5C2 0 
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h 1 ®Si^ O«^*<oc:©l»inrtc*?»t**») *?J:^a^0|5©Brffi* 

ft t yjjfa <o mmn -cm £ n £ o 
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3) «»niC||D^y h3&<a«-r^*B*»» (iMiADiiEgi()&ftt 

4) IM^il, 

5) H^S^J (^nfi¥^S*cD^j^t^-^> 

f*^tWHJ£» 1 3 0 CDjUiffiyn > y ^H*» 3 3 Bfc^-To 

!£3 8Hl=*-r*»tt«**l 3 0*flHS-r**»«BS*lwOV^TK9|-r*t 

ii3>^7^7>^tf;H 3 4 ti % asjC^y hM^f^l 10 (fM 19 

^«$r a o mm s aijeTtts^cjHi^ -s c t iz ck o x MmmB&omm&fc 

fc&^te, »3 50^^J:^^ ^glHi^fe^t.a^ y h^ffl^T^H 3 

^»fc«*««i^^«A*)^jEasjiTOa^cDftt>?) tea* 
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>^^f/b 1 3 4 KA:*j-rnhm^o 

IS 3 3 AMICUS 3 0 {±PfM^#4illlJfl^l3J 1 3 

*t -r * « *m&«t?**> s n s o 

<9 t- {is , S n J£M^ Q n affifcKfctt*'* 
* n v b U »;^An "C^tT Wm.W&Q> @ n fispflcE* 
Qn" =AnRn + Un 

• • -^21 

Ql"m Q 2" h/l/Q 1 " Q 2" ©H±*i:*| 

— H^n^^CDnOg^Ji^t^i-^^m^^, D 1 ^J^> D2 
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iz^^^xmn M^mm-r^wmowrnxu, &nzmm-r zmizm^snxi,^ 
¥m&Ji<*&& q n ffl-fia^n^ n mm AD n t-r £<, 

<5fcK\ fffa©0 fdbv" (C. ±##CMil<DV:£fflJ?fcfr0 err v£flix.£ 
CiCJ:^ Q 1 " Q2" S^irf*^? h^Q 1 " Q 2" <z>S8Lh 

CtCJ:^ V^ri$rmiffHWNI^fltMISin'Jtffi^ f'dber rv*#i, 

^n^e>mt«©«^»im^4^ll^ fdbes tmv^bSCt 
fcefc >K 0fdberrdiff v£#3 0 W0WJ*«**filSraje*»r* 

-So 

fl^afdberrdi ff v ffi:*) U #ISrr-<£ fc««fLfe«&« 

mz^ ffimmmi8L®ffi&m%.*®i& 1 4 0 <otHi^^m^m^K abestm 
1 4 2-e@f^-r^c < bfc < i:t)> i»Pitij*«#«3S 0 fdbes 

tmv£#5<> ttii^mfiie fdbestmvlt $3 1 !3C^-f Pf 
&£>K, M3£ffiBfflmm®mg0 f dbe s tmvli v H3 OgC/Ttct^c 

&±®mm&mmmmMtzmr)mbmft?%z:kizj:t)^ m^mmmmmnm 
H0.f db e s tmvfrmmommmmm®mmizwM'$'z 0 m.wftm 
mm^mmmmnmmme fdbes tmvtzm-?xBiEzn, mmmmmm 
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iSDnact K-grf &te-f-e&3o tE^T. fiflB^? h^Q 1" Q 2 " tTO 
MUD 1 D2Of^©10 f dberr vli. K3 0 HK*?#*ifWIHI0lE« 

mmmmmm^^mti>xmv<mm-r^o m->x^ ^dberr v#*cd 
&£mMmfcmmm&<£>mj£®.ti,xm^x, cn**s o^tc^t- .fcotcMP 

ffir«fcKJn3rrS£> utfy M <Z>£¥2 2R (L) tefg^-rs^&^lii&L 
<i8H&t* -So 

m t«Bf-rn«. efdberr vj^&«ISPIlWWfls««M^ fdbest 

mv^T'CD^Miicti. 1 2J?iin©D-/<x7-f ;u^tr/j:*o ap*>> mmmmm 

mmmMMO fdbest mvli0f dberr vt:o-^x7>f;^*iUc 
&©ittSo *£oT. ft^PfjWIK^MMH 0 f db e s tmve3 0||;^ 

■Ztefriz, zomxit, u-;<xj4 AsPtoWfemt 1 /K d b e s- t mtft 
-So H3 3 09£J*M-&> 0 f db e r r vfrbe f db e s trnvS? 

2 2R (L) OftMVmm&VSklrZZ tftX^Zo 

mmcfeltfflMOtz&iZ&gtmmm®*- * > ]>V;fr|q)j£#Mdmd d b v 
S&3 O0{c*J(j-^WWM^^dbv^<b$ii:. S^lft/i: 

a » STOitwe & a 0 ^ie a i^¥&f§?^^ts * -*t 

Hl^©fifi(i> HHnJ^^Dii a c t 3feUfc£ ^cDftfc>0<:\ 
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ttE£l*fiWB«^&^nnin««MII0 fdbes tm?OTt§ 
^IHd fdbes tmvll-eOM^I^i^o 

5o ^ot. m^mmmmmmume fdbestmv^3 o0K*rf 

W»W«ft*cJnj|CUTfe. #J»©£5S&m (^ygcDUHS) ttttfcX/^teTU 
*/c s «£ii?J9llIft&£MI3S0 fdbes tmv^3 0 ^K^tT J: «5 iZffiW 

ci:frx%%<Dx, n^s*«> %:i%Mz&Mfcm&i£ftisX^z®4t£m-~ 

^Sl/Kdbest mT?*0^««t4, 
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e r r x" ZW-titfTZo 

Mfc®e f lerrx'C, ±#*»«lt©X3&rrtFJS&#0 errx^JD 
JLXmmm 1 S^ScfiWmx^tHMte f l e r r x£#6 c 

^ft^nWcD*!^ 1 Jg^F^M'fiS^ f 1 es tmx*-«l5*Cl£ 
{z^O. flf.l.errdif.fx*#«, 

s^mmnmrnm^vm 1 4 6. <kojn*w*ci*s(5ij5ispac«»«si 
a* i js¥*«#*2&xja#mjs*w«fcu » i CTflcffiwissxtft^oflye* 

&«flNB0 f 1 e r r d i f f x**©**lB*U «-f^£ fc«»f Lfctt £ 

mi&^m&mM&xmftmm^mnvm-fi&mftjZ&frK lestm 

f 1 e s tmx^fS, 

mfemimw-mm&mmxf&fre f lestmxitis oii:^tj:9i:> 

inx^d f i e s tmx&nmo& i &¥mm®umxm&\zwmir% 0 t 
^> m.*?-ttm.&m*, i m&ftamwmxm&e f 1 e s tmxict^t 
«nE$*u £ l Jg¥^liX^A<n^s^i;ROTt*itt^ 0 
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1 e r r x{±. ^&<Z>|I 1 &¥mm.nm&Xf&friz—%t-?%[*-?X'Z>% 0 

OJS^2 2R (L) ii. &Mlt&fr&Z>W±m\s<mM-f% 0 

ffif) tm^rirttU, 0 f 1 e r r x^^raiSMMiX^e f 1 
es tm x*t®feIH^[|i, 1 ^iHticDa ? ^ Ktt^o gp-£ N fi^; 
Hi fir^flMlXtt^d f 1 e s tmxitd f lerr xizo-^xy ^ JU 

t^t, «^*1JB¥*«*HBBSXJ&#0 f 1 es tmx^I3 0ii:^n 

> CCD^J-ete, d-/<x7 -f /l/^0«f!|»li 1 /K 1 e s t mxt*5, 

^6 0 f 1 e s t m x tTOfelit^o 7 ^ i:/j: 5 «}; ^ «tn 
fcmv\, cntCck^ J£¥2 2R (L) ©3BS^JB»*Brlht"*Ct^-e#'*o 
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&&&fc<tmme>izibK&Bti# 1 Mf^/^X^Mdmd 1 x£ 
. _L# 2 4 (DtfLmg&frmik-fZo 

Q&3E®m&^&m&m^mj£& i fe^ftmmmmxmfre f 1 e s tmx* 
mmhxh, Mfe&i&¥>mm®mmx&cfr9 f 1 e s tmxi* j e®mw&&if 

t§ 0 fot, mfem 1 JETflHSftffiSiXfiJafr a f 1 e s t m x &m 3 0 EKc^ 

Jft/£^ 1 J& 3 F*«*MMIXJ«#0 f lestmxB3 OHJ^-TJ:-? 
#^iT^^f Ct^^S.OT, £l#lJ&¥lfcE:*Jtt. ««fl9*w(iai3e***ff 



WO 01/87548 



PCT/JP01/04118 



4 6 

n o mm.mmmmmmum. efdestmv #^a6 -sett. * n£ win 
ift^db vnjn^-r^dirt. mm^&^-mmmmmo f lestmx, e 

flestmy. 0f 2estmx, 0 f 2 e s tmy^^Cl -en^> 
£^n-eft#M¥lfiHtfc0 1 x, e\y, 0 2x, $ 2ylWt§Ct*^ 

1 ) ^«7C^^0/ca6^MIWM^^ 0 d b v 0 1 x, Sly 

3) f*&ttmmor>Mfemm<$i^o 

4) ^^«JSIl^cD :: P^{Ci;6|liS^b(C<^cD'e. ft^gpi 3 8,14 
4<oy-T> (Kdbestm, Klestmx, Klestmy, K 2 e s tm 
x, K2estmy) ^§(t5Ctm, ^Oils Ji^B#5g£Sc£@ < 7*" 
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-r^) , ^n^cD^t?^ Mj£%mnirz>tz#>^ mi^mmmMmYm. 

1 £W^M3IYj&##fS^£o 

W<fc<bWfeM 1 ^mWcom-mY^e f lerry" K±#^ii;gYJj$t#0 
err y £jSHJ*.rt: 0 f lerrylt ^KjjrfJ: 9 l~> IEcDfif(::tt£ 0 

is i ^w-mmmu^Ymfrmm^mm^ mzxux&z e 1 1 e r r d i f 
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f y **©f^W*Ufctt*»£rcii. mmLtcZ-olZ, 0 f l e r r yfrbm 

^.mmmmmmMme ties t my twfcmmmt, ukmtn-te&o 

BPS, $ f 1 e s t my l±. 5f lerry K^iinTJtfle-rSo 9 f 1 e 
s tmyi*> ^lS^FYTO^e 1 y KJinirSft. ^Btfcm^AO0 1 S^Y1f& 

fllflfliy' (c^r^o ms omrite l x* cd^s^lti^StK e l y^i^n 

1 S¥«^OY^^U^tl, S€»K:±(t:«*HMYjRfl>0 err y ^flfl^^> 
ft£Cl ffiB0 f 1 e r r y ©ffltt<5B&f £*t£ 0 

RJbG>P#fr£ % 6> f 1 e r r y tcntc 1 frmtl-C&Vtr & B f 1 e s tm 
y<z>MfllW£<To<k'5l=**o ffi> BMACi^f 1 S¥IW<Oif ft 

0flerry= tfflestmy 

+mm&*>fr*>ftmznz% 1 j&¥**£**fcYj*# 
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BtK^&otfJB^fWBKfc^Tfclu (Iff* 1 YfiS#-2B£& 1 

0flerry= 0flestmy 

+ 0lY+nnm&l3tz*%m l M¥«*£5B©ttfltftYJiR#+ tferry 
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> 0 f 1 e r r yl*Otcteft-r % 0 f 1 e s t m y \t 0 U&W 

s 0 f 1 e r r y CxS-cJC ^ibte f 1 es tmy VX 9 f 1 e r 

r yli. t^©Si2 4^6*^*1* -5 0flerry>0fles 

tmy«DW«##o(Z>-e N 0 f i e s t m y frZMtiX L£ ? 0 

cn&m*>Miro*>^ 9 f 1 e s t m y \Z!E<£>?5fa\z%T*-?&Wi.-t%o C 
til*. f£5£<i^ffrUoofc£c: t**«c-r*o 

0 1 y + i mm&±! \Z £ & % 1 fi¥«*SBB Offlflffc Yfi5# + 6> err y 

• • ■ ^2 4 

viTizmxirzh, fc-rs 3 0 o\zte\,^xnm&&<Dtifmzfcux&i&¥-m 
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S 3 1 Otcii^s l^lJI¥^IA*-y>hMl a c t tmm 1 JE^F 
}*E:*jC>;bJj&#F 1 a c t 1 JS^KA^frjaciftttQ 1 a c t 

0 :ct?, HI? 1 JB^SA+'&j&ttftQ lactli, -ecD^Kfctf &g£H 1 JS. 

T-fc£o HIS I £ s F*K3j'* , 'CnSCQ 1 a c t <DXm.m&Q 1 actxtt^o 

AFlmin, * 1 &sfMjm-®m&m*mQ lmaxx^^l mw-mmw^ 
•£ffl««/MftQ 1 m i nxCtU H£ 1 JS^KAZfiJc^ <&®Jj£#) F 1 a 
c t z iSfrlBQ 1 a c t x*<KT©*#*»3fe-r^S*N*lH^*o 
3kfr 1 ) Flactz < Flmin 
&#2) Qlactx > Qlmaxx ^otffierrdiffy > 0 
&#3) Qlactx < Qlminx ^otfflerrdiffy < 0 

&w 1 Km hxm&-*% t> m 1 M^m^^a/hms^ piminit mi 

1 y &&&&&& < m ?e-e $ ts ^tfeK#««*-r * 0 

flfc«£x toe. ^iOXSKxhe e 1 fT* fc, *£frba6> 1 JS¥- 
ftsetf&®«*:ttilCQ 1 ma xx«)|^ x t o e J; 0 fe^W^diS^UT 
m 1 J£¥m£W : ««tt«/.MIQ 1 m i n xcDfif£ s xtoei *} 

*3iE*<afll»»C«tTdtl*<C6tf, » 1 &¥ttSIHMttft:*:ffcQ 1 m a x x 
1 S^m^^m^/jN-fifQ 1 m i n x l* N J. * *>JftV\i U 
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5 2 

®m*:teQ lmaxxtHl JS^Ffi^^m^/jNfitQ 1 m i n x^fltfe 

^^2^, ri^£rtW£fr;froTl^.5<Z>K. ffi^A^J 6 f 1 e r r d i f f 
y 7fr<IE. BP^ fi^tS 1 JB¥*#tW^i:*W< ^ftK^ft 

•r * -r taw < ^riRi tc^fb-r a <, 

&#3 li. ot^^^^oT^§©i:, f^HA^e flerrdif 

S&3 7®^o-^i'-h©U£ffJ(CM«5ir> S3 1 2T#^£ftT&#K 
2 *tcii^3©v^n^^S-r8^{r{i N m5t£«i^£-e$>£©-c> 

S3 1 4 ^m^rn i mw-mm^mmY &&m%:*m%® ft* zoiz^ zn&L 
tmm&izit^ m^mnLx *>rais#*a>cD-e % s 3 1 s ir^-eijrEWA* 

0flerrdiff y|Ct§ 0 

o ^ot> &#i -cfcu mmi jzw-m&iizmfr <a&aj&so Fuctz©ft 

*>t>ir N ^l£TO*©MF 1 a c t ©ftOJgspKSfittJ&fr 
£ TF 1 a c t z' J $ffi^T|)|^ 0 
£tc, ^#2#J:C/^#3'eii. Bfj^^lS^S^^^&aQ 1 a c t 

mfrwo tte&&m±.(Dftm& cc<d^ r<p i a c r j two zm^xib 
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5 3 

1 ma x y*><fctfQ 1 m i nylt H3 9 IS©J: -5 KSTOxy >J k 

&#2' ) Qlacty > Qlraaxy ^-?0flerrdiffx < 0 
3kWS' ) Qlacty < Qlminy ^o0flerrdiffx > 0 

PfJHWI*«*MftJfc*- K^'J-by h^&- Ft?*&*£I*S 4 0 4 trig*, f£5£ 
5WfH*«*MiSI0 fdbes t m v£3$$iJfi*KC#* K 0 Izi&Miz^ S 4 0 6 

^«//T»wwiB!flc«»«siii)e*«f«oiB**oc-r*. H^^-m 
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5 4 

t^^irii s co&sizmmmmmmmmmme fdbes t mv^mm^ 

t#*.£ft3©T% Jt^WWra^M^H^ fdbes tmv£ 

w*«i*«2Ut*+»f«©iB**otc-r*. MoTs m^mmmmmmmme f 

dbestmvlt ^-/bF*- Kfca^f-^S^cDIlKfttfSftSo 
ASk *-*K«- Kii. fi^m«^«MISE0 fdbes tmv«0-e 

S^JFm. i n, MJMl^^fiJgtr^lfc r m i n(c**U m&fcy-m&MWT 
&#4) Flactz < Frain F2actz < Pmin 

&#5) F2actz / ( Flactz + F2actz ) < rmin 6 fdberrdiffv > 0 
&#6) Flactz / C Flactz +F2actz ) < rmin frog fdberrdiffv < 0 
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5 5 

&#5{±, *2fiW#*^-9t^«Oi: % fdberrdi 
« % ^lJiWif§^^t^50i:, »^»A*0 fdberrdi 

n*>*»JB-r*»#t=«fi^*«t»BBr-r->i#-e*-5©T?. S4 1 2izm^mmm 

jg##i>©T\ S 4 1 4 Kit/^-Cflrriaffi^tf fdberrdi f f viz-?2> 0 

o ^oT. HinM¥raZM (ttiSfiR*) Fn a c t z©ftfc>0C H$ 
n&W-m&jj®tlf£frF n a c t ©^©jS^tcSE^filc^F n a c t ' £/B^T 

s^ki*. ftfflxomfei&&&miz&^mm%mm-?2>z:tK£t), m&#ifl 
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5 6 

m2<z>mm<Dwm^ m i <z>mm<DMm&ffi£itLtc&<Dx&t)^ *®&ftm 

M2<Dmm(DBmzmzm&ttm)E%<Dfom£mtyir%mtz^ ft-r> mm<om 
mt, B2<Dmm<&mmxm{,^ft&ay77jT>x^v i )i<Dmn&ff-?o 

z-oiz, umjtft&m-fr*>±.&M®mme e r r^itiittn^^ y. 1 ©±#2 
^ 1 *>i\6q 1 **&jat, g«»2 je^s^MQ 2- 

m 1 W*«#««*J:O%)E*2Ji^*«|»*«^^T0-e*«tt6tf. a 
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5 7 

n &w-mim k— « • 

ntvj bfy&o cnt>. V Ifir fll ft flfe*:b$ ft £o 

mbO^Z 2 9 2 i n t J tW&o 

m^mmmmmmtf<mmmmmmmiz— stLT^x. ^oi ? nojwd 

n t v&n*>ffi-r h©rJ>7'7-rT>xTO4 2*<£JBl/Tl^ 

d b e s tmvJ t*¥& 0 
^:C-e N i^SBtPT^^d bintv&Mdbestmv tOHMfeb^ 

rjaiBiiiiii^^^^^-rT^x^^^j l 3 4 a cm 4 4ii:^t) i"? 
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5 8 

dCD*-y>h^ TM2estmj kW&o 

-ec-e, mfemn n <Dxm# on i n t x«ia*-^> h©x^ 

Mn e s t mx i(0ii^feb^bl6^T^^, B«UT*?<o CCDK#(i, 
3 4b i'^-Ta 

13 8a £&?£«ftff2m£8|Sl 44a t^£HtJ&£n&o PWH!$ff&'iI3£ 

13 8a ©^Sil^a 4 4 SK**-,, JS¥^iS^Hfi^lK 

1 4 4 a©M^tB7*Dy ?m*m\ smizTFTa 

ffe-T, # 2 ©^fficp^S§(z#-5MJHJ^j^^ilMm^Sl5 13 8a <D&m&m 4 

4©£#8auTi£Bji-r£ 0 

Ltzb%<DVJJ\fllf&fte err v£3£a6& 0 

^^b^feO^rffi^MJilT^^ db i n t cmd vtt^o 

^3CK«fct). limofe&mFf&fe 0 d b i n t v£##>£ 0 
0dbintv = 0dbv' + 0errv- 0fdbestmv+ 0dbintcradv 

• • • sC2 5 

CCT% 0f dbes tmvlt |1 (DmMOMBV bi&^tz J; -5 (C N fi^M 

> 04 3©(r^-T cfcaic. WmrM^dby&li^PIMin^-IKMltd f db 
e s t m v©5Rl*C&<5o 
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5 9 

m^vtm^x^mmmmn Nbv' ^^m^mmmmmmmmo f dbe 

Kfcl^T. &<onU*n#>2>tz#)^ m^Mm^Wne d b i n t cm d v£tD 

mct^itu^ m%mm=?®nd d\> i n t cmd vmm%;&&m 

mmm^mne dbint cmdv^ti}t« (^4 4 0KfcVvr&ireffi 

dbint viCicoTIS^t-^ir^S^n^HfriaMd b e s tmv^J6-5 0 

CD5ftJ©V#lRlJ£#Mf 1 f 2 a c t v (i^3>^7^T>x|iJi51©S;i 2*>J; 

HrffBMf l f 2 a c t v tHijieMdb e s tmv tcDit£-2£a6& d t iz 
<fc<3. MP^-^>hffl^MMdber r £#3o fcU M^flMlfcllStMHi 
iefdbes tmv^WBWK*^MII(c-®rbTV^ni:^{i\ WW*- * 

b e r r a* o & fi^nnn^ffi^fiii 0 f d b e s tmv itmmmmmm 
mmmmmmM^m^m^s 1 4 0 ad&^-c. Mra^#t#MiM©m 

ate. W»H««#«SI©*6«*Slff-r^*fc«*fU/i:tt6«. ^fJWK*«^ 
Sf&E+BHSl 4 0 a^cDAA-efcSfrflBMd b e r r U 
t^^HHW^Ii 0<&tB^^^ o PHViei0|e1H«HRSIfi>ef*»r» 1 4 0 a 

mwmmmwmmmfe^m^ 1 4 0 a ©aj**»4^ft*<K dbest 

m' 4 2 att^U !ft£?fHIIBl$«ftfi£0 f db e s tmv 
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6 0 

ffi£i?IWffl0HK*M5il0 f db e s tmvti, £54 2m^tXoiZ 

*HRIt0 f d b e s tmvMtlo 

ic^-eltr^!L^J;^{C. MW*- * > hlt^HMd b e r r!5<0(:/j:St 
s ra^wwRSJ^s^Miiie f d b e s tmv^|^cDWPram^^3IC-^-r 
3o i^t, Utf€><«ofc^ m^MJffllW*^^^ f db e s tmvlt §H 

> 1 ^nt'^^o 

*(DB*5£8tTH\ WMi3>^7>fT>Xtf;l/ 1 3 4 a K*>tt£A>b ( 
i^MSPT^) (C^f-r^ffi^ (linB*-^ > MMd b e s tmv) ©it 

T = 1 / ( C* Kdbestm' ) 

• • • 5$2 6 

m i ©^©^©^Y-r y K d b e s tmiztt UT. Sjl 2 ©^©Ml© 
iWVKdb e s tm' £ 
Kdbestm' = Kdbestm / C 

• • -^27 

i^l 3 8 a^#^>n^o 

mz^ ^mmmmmm^m 1 4 4 a©&s£i&4 5ia^#fl§bT^-r^o 
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iibfcfeOCDX^^ ££$1 fcW-^&ftXl&fte 1 i n t cmdxt-r&o 
fllintx = 01x' + 0errx- tfflestmx + 01intcmdx 

• • • 5C2 8 

CCT\ 0 f 1 e s tmxte, 9 1 cDfJSmo^j&Tk^fc J: -5 K> 1 

MTfet)> SM 2®K:5rrJ;5 K\ ^lJ£¥XMft6 1 x tft^H 1 
4S£Mi3iXJj£#0 f 1 e s trnxOTOS, 

defies tmxit *n^£^is^£*a6&*><z>'e£>&^£K c o^s-ei* 

^tt^b^v^^tc*>l^T. £t>*iS£^a6£;fca6t^ «^WlJ£ 3 f=P*ftXJR 
#0 1 intcmdxttltScMiU^ ItIU¥T^X^ 
0 1 i n t cm d xOJttffeiCFra 1 f ^ftX^0 lint cmdx 

zmm^zmtx cms 4 sm^&^TgM-emfrnzffi®.) {z&-rLi>>&m-etete 

¥=f-&ftXm&9 lint x{C,koT|g4:-r^ t^^tl^^M lest m<D 
X^MlestraxW^o 

m&zntznm 1 > hM 1 a c t xtiifEM ust 

mx k<D&&&*b%£bK&!), % 1 JSTO^->> hfi^IUX^M 1 
err x£#3o 

t> u mm i js¥^^nxfiJt^a f i e s tmx^i i fc^mmmwu 

miZ-misX^&tebl*. ilfi^S^-^V hJt^UXfig^Ml err 
xl*0 dtt&o feL^lJSW^^-^Vbfl^MUX^Ml err 

xt!><0 i^HTOH^ItX^0f 1 estmxli^lfi^ 
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6 2 

n mm -t^^mt^^^mmt^o 

mm Ltzts; h m i j&¥^«^Migfi^*Bfi§^©A^T'*6^ i js^e* 

> htt^iillX^M 1 e r r x£-£CDi££ffi;ftU WT^S t*ij»rU 
fcttfetf^ O^a^iTS. M¥J^8#HiMJi/£*»rf& 1 4 6 a KgrrsfNia 

ifci^-C. ^ 1 S¥^ffi^<iMm^Wrfl©m^«-®^^*<K 1 e s tmx' 

*c***^»7?»^u mjmi&w-mmMMmxm&o ties tmxm 

o 

Sfll3£& 1 JB 3 F*«*HHSXfiR«-^ f 1 e s tmx^ffct-5 0 

fc::3-Cflra6l/fcJ:-5l^ SUM^^^J^-^yNm^llX^Ml er 
r xjtfOfctt*^ «iti^je¥J*«#*«iSXJ5K#e f 1 e s tmx^lll 

MUXJjJc^^ f 1 e s tmxlt 1 JBTOttlMUIXJSR^tC— ShT-So Bp-£ 

'as©*** i &w-mm$m&xfRfrfrt>WLmm 1 fifp*«#MUtx*^*'r©B!^ 
je» i Jg¥f*ftx^5 i i n t x) cart-swa (fria^e-y > hM l e s 
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6 3 

T = 1 / ( Cl * Klestmx' ) 

• • • 5$2 9 

m 1 (DimvT&mvmftVJ >K lestmxCiitU ^2©^lO»» 
^y-OK 1 e s tmx' * 
Klestmx' = Klestmx / Cl 

• • • i£3 0 

fjv^ mm^&ftKm-tz^ y^^^ry^rji-c^^mmmmm^ yzr? 

'fTVXtfA 1 3 4 a Sf^i^t^aV^^-fT^X^f^S.^ 

o 

£®5£MJPffi£ft<9 dbintcmd v(D^£8'JI&Ufc&5*;£m^T k&t^o 
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6 4 

0dbintv= 0dbv' + 0errv- 6 fdbestmv 

■ • • 5^3 1 

fc^^^KI*, Si2 8^£^mje^$MSXJl£#0 lint cmdxo 

fciy^^bti^iti-ii, fciem i msp^tonxmae tint cmd 

01intx = 01x' + 0errx- 0flestmx 

• • • xC3 2 

il^W 1 fi¥OXi(:}&o/;i-y (BPS, rtx^tfctt^yj;) 

^lr>»-^ic« % 5t2 8 ©x^y (Cg^^x. ? t^;£Dftt)0{3 > *05C3^6««Sri 
£TOIY^0 lint cmdyom&mtoLizlkttm^Tb&^o 

t>) jWBMfebT^Si&KMU 1 JS^T^ftY^a 1 intcmdyli 

01inty =01y' + 0erry- tfflestmy 

• • • 5*13 3 

3 <=>(^ BiriBbfcsS 1 2T?^J6^tl-5^e-^ y YUi 1 f 2 a c t vcDftt>9 
5$ 1 2 a-CJ^^^n-S^-y > KM f 1 f 2 a c t v £ffl^**<6j::ti N 
IBMdbe s t m v <Ditt> K) tt£ra?M**r&ffi*-WftXft?K: £ oT§& 
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6 5 

HJfc©raffi©*ftfc«fc^ffi*-e**K attftKli. £3 7H©0 f 1 e r r 
d i f f y&m 1 mW-mRJ]*-* y YWLfem&Yj&ftMl e r r yCl^M 

7D--ft- M^-TMiK&^Ta fdberrdi ff v^iffl)*-^ > 
M^HMdb err Cg^mx-tttf&Vv 

#£MIIim£*WrSS 1 4 0 at*. ^ 1 &¥-mm&mnmM* i^tl^ii:, ilW 

o 
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6 6 

mmti*>b*MmQ i a c t ztcimmQ ucf **tHu ^nci^^r 

J£¥2 2R (L) a^-kkcD^lfiJC^^-f^ (frfrb&m% J P"r ^jK o£ 

tJiW2 2 aCDr B 1(C^m-fe>-9-2 0 0£|B»U -eOttJrfc-ft-SfK&^T 
JS¥2 2R (L) ^^^^CD^ItfU^t^-n^^J^UTtjav^ frS. Smtr 
-fe>1f3 4 £0 ^^JE-trV-^2 0 0 (Djjfcmm&jHZ JiZMW-O^MZ* 

i^Cti, f 4 7@i:^tlll<, JS¥2 2R (L) K^fcHr 2 0 2 

«e m^&^mmzmmy u ^otB^m^(c^-di^s 3 F2 2R (l 

ifi±#2 4 (CHI ©Mg5 (TO) Ml 0. 12. I 4R, L) ZfrLXM 

m&n&t&iz, *co%m\zw, 2 omm cm (sir) toi 2 or, d £r 

^tr^^n^MtP (M^F) 2 2R, L£^fc1»#cD« (8WJ >?) 
2<H9*<St*K> ftfffBJ£SP2 2R, LlC&ifef &mWfrZft%-?&mK'*HZJfc 

«frlBSSU2 2R, L©^«§?^^tHU WIBJ£gP2 2R, LcDB^teiS§§ 
£ -5 KfiTiSIif|Si5 (10. 1 2R, L ts if) &M&-f £$HM®>^ 

© (asb^e-^) £mx-tcm&>®Mvtfv homi&tfimMmmz^^x, mz±. 
f*2 4®^tt$i!i^i6i(^-r5»^^aj-r^M^ffi^ (<w-b>u-3 6) . 

lfria^tP2 2 R, L©^4ffl^^J:OV*^liBlrlBjeglJ2 2 R, L©g#&g 

mffMmz&v&mm&i®2 2R, Lo&mmm mmmmnffiAbimsmfe 
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6 7 

mn&wi 1 4 h. MPK^^nm^sui 3 8^©±^^^cdv^is]^ 

ifriraj^g: v-h 2 6. m^y^^^Tyx^ju 1 3 4. flc?iM*ra 

^i§i3o cm^mmmmmmMmm^i z smcDe f dbv' &mm-fz$ 

TCDSP^ je¥*«»flSH«^aJ 1 44P}fflH lerrx' 3 £ t© 

g&#) ) „ ^o:c>'frfa#tH$n^jsgijcD^^^tc^t. finest 2R 

tm) ts£a*nz><Dm*itiLW:Mm mfemmmmmn (mm) &zwmmm 
mmmmis.m mm e t db e s tmv) ^^mmvtm^m^ma-r^mm 
im&&mm&& mm*--? m^^y^^^ry^m^mmmi 1 4 

, ftJBtfcfftJE* 13 0. PfJ9ll9J*a$Hg£m£gfi: 1 3 8 (#C0 f d b e r r v 

jtaj^©gii#) „ fc^mmmmmmfet® 1 4 4 cmze fierr x *m»©su 
#) ) . *miL2>to<mm\;tc 0 

m^mmmj^U l 3 8ft©0 fdberr vfrbO f db e s tmv^fUit 
JE^P-I^^Miim^ 1 4 4I*3©0 f 1 err^^flf 1 e s tmt 

|iTia»:a5^n7 l c^^^tir^o%>TH(lgBJ£tU2 2R, L©B*<fc 
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6 8 

m&&&®jE?z®m&® (mm^y h 2 6> tm&i 32032a, 13 
2b) „ mjEMm&wmm^m^i 1 4 g > ^m^n<m^tc 0 

ZMP) ) ^/«c< t &^frBtjiBn#\ y hcD^^^^^^gJc^ 

"^2 6, 2M£&Jj£H 100, SI 0^^S22)> tm&J££ftrtr*f^<D 
^S^J^-luBSgR2 2R, LCD*tt?'niZftmLtct£<Dmm%ffi2 2R, L 

^i«jssuflc^»f^i*^g: mm*.- ? h 2 6. an^s^ng 1 0 2 

> S 2 4, S26), WlBJgg&{rf1Mf!Tr3HJ*£;*j (^#®¥^S^3) £*&aji*- 

tKsi 0 8. s 3 2) s &&vmm&i}! l zntzmmEi*timmnmztitzmmj£ 

ctx, y, z) &JtmU ^ < ir%fJiB»Hi^n^^-^ > hJ^^^Tl^T 
3 2, S 3 4, S 1 0 0^t>S 1 0 8). M^t^fC. KTKUijE^«tt N Ifr 

mmmnedbv- , mm^m^x<omn&^nmMenx' , y- ) -r-sjesp 

®^S0IE#I9: (fjfc^y h 2 6, finJM* I 3 2 ( 1 3 2 a, 13 2b)), 

(ri(rga@#feii^#^^iE-r§s^M^^iE^ (ww^y k 2 6. mm. 
®m%,^®.mmm&mu\ 1 4g> ss s, S4 0) , ^m^^<^b^o 

&£>K. HrffEta^y h l®'pt£< bbmm&U2 2R, l <d Biffeg^i^^- 
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6 g 

ZLZLy h 2 6s 3H££flft*l 0 0, S 1 0A^S22) , Mf££5£;* tlfc^CD 
&m&J)%:mi&ffl2 2R, LcD^n^nic^@eb/ct^CD|tjf2figP2 2R, L 

.*B«ja*fleR**^**#» (MW^-v h2 6, B«mSA»BB»l 0 2 

. s 2 4, s 2 6) , Kivs>&mz.ttm?z>mm5CJ3 (^¥^i7j) %-m&T 

fflgl 0 8, S 3 2) . *JcJ:0'^^< i ^m^m^titzm^K^^m^xm 

IBJSgff2 2R, L^HHSSit^IUfett (piiWtt«fc 0 d b v. mn&^ffi®fte 
nx, y) *^-r^M«Pia^i^#g: (#Jffi]J.-y h2 6, Mn^-f 

Tyxsa^^gpi 1 4. mmm&ft&m&i 1 4b. »nja¥«r«ft*3e»i 

14c. d. S32, S3 4, SI OO^bSl 08), £lfx.3 t#C, BtTlB 

® tfcJt^A 0 PiWURft a d b v ' . mM'&mMA *)%n JS^tflffltft Onx' , 
y' ) ■f4JS«BJHH6JtfflEjE#a: (»^-- ? h2 6. flnlMf 1 3 2 ( 1 3 2 a, 

i32b)). te&zfmmmmznKfeu®mmzMri^Twm&U(D&m.&m- 

* <Di£# * *> t) (rm^ & * o Mia S fMfc8«»*«IE-r & fi8Bifc«?&»te 
iE^lft («<Wa.-y h 2 6. 4*jEi«&¥tttt$&#tffi«U 1 4 S 3 8, S 
4 0). £#*_<5j&lKfltJi£Ufco 

KTBBJB«Ptft:llS?»fiFiE^«W. striae £ ft /dS^Mfit^^Tw 

ib jB8&<z>*fc*»»a<. fj esse * n a «j£«ffcE* & % -e ©*a® * 

> h^PQ 1 *F 1 act+PQ2*F2act+Ml a c t +M2 a c 
t) , SfcliBfJiBtftf? MC*««Cff«"r«5^acR**-^ > h (PQ1*F1 
a c t + P Q 2 * F 2 a c t +M 1 a c t +M 2 a c t ) ^^friaMSP^fpffl-r 
> h (Ml a c t +M2 a c t) fcttBbTftrt:*- > h (M 
fl f2act=PQl*Flact+PQ2*F2act) <3Hvrftj^£»tB 
U 4>tt< kbttim&tbZtltc*- * > hfCC&bTfltiiBJB$B2 2R, L*»Sb$ 
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7 0 

&%&®m. ce a b v) z&fe-t z&u®M&&fe&m mm^-v b 2 6. m 
m^m^^-/ > h^sasi 1 4 a, mmmmft&mm 1 1 4 k sioo^ 
ss 1 0 6) „ &m?i> mz%miiLmm&ianEz£mi, mmm%znfc&t$®m 

* fc% 3iri2:£0cK2j <Z> B n- ^ - > {c ft fin -r & fcJNtm 

fiC^ffiSS (a e r r x, y) (cgo*^T;ifc36£ (S 2 8) $0 < ftj£Lfc 0 

6=fc-5(C. lt»S»<OiaiR**f J:cK/*yi:«^»a*ft^-r-5 (S3 4, S 1 0 
Ot&n&S 10 8) ^<«^L7t 0 
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